Our objective was to compare the reticulocyte count and its subfractions in smoking and non-smoking women at different stages of normal pregnancy.
Introduction
Reticulocyte counting allows the direct measurement of rate evaluation of bone marrow activity than the total the activity of erythropoiesis in the bone marrow. Man-reticulocyte count. ual reticulocyte counting has been reported as problem-_, . , . . i_ j· -j j · i_ . , Λ -x _ . , ,...,· ο -, The reticulocyte population can be divided into three atic (1) (2) (3) (4) (5) . To improve the reliability of reticulocyte ^ j r· j u .· r>i_.in \ . · , t_ j . · ^ A groups. They are defined by ratios of the total fluorescountmg, several automated methods and instruments . 4 
Materials and Methods
Two hundred and forty-seven non-smoking and 123 smoking healthy pregnant women were included in the study. The reticulocyte count and subsets were determined at four different stages (0-10, 11-20, 21 -30, 31-40 weeks) of pregnancy. Not all patients were checked in all four stages. Exclusion criteria were a diastolic blood pressure ^ 90 mmHg, an endocrine disease or a coagulation disorder. The duration of the gestation was based on the last menstrual period and an ultrasound determination between 8 and 14 weeks. The number of cigarettes smoked per day was estimated by the patient, in most cases confirmed by her partner. If a women smoked more than 4 cigarettes a day she was called a smoker. The group of women who smoked more than 15 cigarettes a day was too small to subdivide the smokers into an intermediate smoking level group (5-15 cigarettes per day) and a group of heavy smokers (> 15 cigarettes per day). Non-smokers were defined as women reporting no smoking at all. The basic characteristics of these patients are given in table 1.
Venous blood samples were collected in EDTA-K 2 containing tubes (Sarstedt, Numbrecht, Germany). Samples were kept at room temperature until analysis. The measurements were performed with the relatively new Sysmex R-3000 reticulocyte counter (Toa Medical Electronics, Kobe, Japan). The coefficients of the inter-assay variation for the reticulocyte count amounted to 6.7% and 7.6% at levels of 14 X 10 9 /1 and 36 X 10 9 /1, respectively (reference range for women 20-110 X 10 9 /1). This instrument provides the reticulocyte count as a percentage of the erythrocytes, the absolute reticulocyte count, the red blood cell count and the platelet count as well as a cytogram from which the reticulocytes can. be subdivided into low, medium and high fluorescence ratio reticulocytes, in that order indicating three consecutive stages in the maturation of the reticulocytes. Correlations were determined by linear regression analysis with the method of the least squares. The significance of the differences of the median values of the various groups was assessed with the Mann-Whitney-Wilcoxon test. Figure 1 gives a comparison of the median values of the absolute reticulocyte count of smoking and non-smoking females in four stages of pregnancy.
Results
The reticulocyte count throughout pregnancy was lower in the smoking group but this was only significant in the 31-40 th week of gestation (71.9 X 10 9 /1 versus 78.8 X 10 9 /l;p<0.014).
The median low, medium and high fluorescence ratio percentages did not differ significantly between the two groups. The three reticulocyte subfractions behaved similarly in both groups. The low fluorescence ratio decreased (from 88.5 to 78.6% in the non-smoking, from 88.3 to 77.4% in the smoking group), whereas the medium fluorescence ratio (from 10.7 to 18.0% in the nonsmoking, from 10.8 to 17.4% in the smoking group) and the high fluorescence ratio (from 1.0 to 3.6% in the nonsmoking, from 1.1 to 4.4% in the smoking group) increased significantly from the beginning to the end of gestation.
Discussion
The erythrocyte count and indices in smoking and nonsmoking pregnant women were studied earlier (12) . Smoking pregnant women appeared to have lower erythrocyte counts from the 11 th week of gestation onwards. An increase of bone marrow activity and a consequent increase of reticulocytes was to be expected in the same period. In the present study however, smoking pregnant women had a lower reticulocyte count in the last ten weeks of pregnancy, suggesting an absence of increased bone marrow activity.
The reticulocyte subsets did however show a significant increase of bone marrow activity, both in non-smoking and in smoking pregnant women. The low fluorescence ratio, indicating more mature reticulocytes, decreased, whereas the medium and high fluorescence ratios, representing the more immature reticulocytes, increased significantly from the beginning to the end of gestation. The relative stability of the reticulocytes and the steady increase of the reticulocyte subsets suggest a rapid decrease of the intra-erythrocytic RNA content in the course of reticulocyte maturation during pregnancy. This process seems to be independent of whether or not the pregnant women smoke. This is remarkable as one would expect a counterregulation of erythropoiesis as a reaction to the decline of erythrocytes due to smoking in pregnancy.
Cigarette smoke may have an effect on the bone marrow and thus affect erythropoiesis. German (13) found an inhibition of erythropoiesis: in individuals who smoked less than five years the reticulocyte maturation rate was reduced, as was the level of circulating red cells. Controversially, the erythropoiesis was normalized in those subjects who smoked more than five years. The author stated that these findings reflect different phases of the toxic effects of tobacco smoke on the bone marrow.
However, cigarette smoke may also have a direct effect on the erythrocyte itself. The same investigator found a toxic effect on the red cell. Six to ten years of smoking resulted in toxic lesions of the circulating erythrocytes confirmed by an increase of the number of spherulation altered cells, early onset and a late termination of haemolysis and an increased percentage of perished cells (14) . The biological mechanism is unclear.
Conclusion
The measurable effect of cigarette smoking on the reticulocyte count was moderate, whereas the effect on the low, medium and high fluorescence proportions was absent. These results indicate that no real counterregulation occurs as a reaction to the decline of erythrocytes due to smoking in pregnancy. The mechanisms by which smoking affects the bone marrow or the erythrocyte itself remains unclear.
